Background and Aim: In Western countries, endoscopic submucosal dissection (ESD) has not prevailed as a result of training problems and a target patient population. We have previously reported a hybrid ESD technique, submucosal endoscopy with mucosal resection (SEMR), in which the submucosal dissection is carried out chiefly by blunt balloon dissection. We have also reported successful application in the porcine colon. In the present study, we compared the safety and efficacy of SEMR with ESD in the porcine esophagus and stomach.
INTRODUCTION

E NDOSCOPIC SUBMUCOSAL DISSECTION (ESD)
is an excellent method that can obtain en bloc resection and precise histological evaluation. 1 However, ESD requires advanced skills and training opportunities with technically easier lesions such as early gastric cancer. In Japan and East Asian countries, suitable lesions are prevalent, allowing successful excision of lesions and a low rate of complications. ESD has a higher risk of perforation and bleeding compared to mucosal resection, which has also deterred widespread acceptance. 2, 3 Therefore, a technique that can simplify ESD is desirable.
We recently developed a new technique, submucosal endoscopy with mucosal safety valve flap (SEMF) from natural orifice translumenal endoscopic surgery (NOTES) experience. [4] [5] [6] We identified the ability to transform the submucosa into a free working space within which we could potentially undermine mucosal disease and carry out en bloc excision 'from the inside out' to the lumen, a direction that should also increase the safety of excising tissues. We have introduced this SEMF technique for transcolonic peritoneoscopy and full-thickness resection. 7, 8 After additional research, we combined the SEMF method with the traditional ESD technique, and developed a new hybrid technique, submucosal endoscopy with mucosal resection (SEMR). 9, 10 In SEMR, the submucosal layer is dissected chiefly by endoscopic retrograde cholangiopancreatography (ERCP) stone extraction balloon familiar to endoscopists in Western countries.
We have already reported successful application of SEMR in the porcine colon. 11 In the present study, we compared the safety and efficacy of SEMR with ESD in the porcine esophagus and stomach.
METHODS
T HIS EXPERIMENTAL STUDY was approved by the Institutional Animal Care and Use Committee (A63912), including the number of animals to be used and conducted at the Mayo Clinic Institute Hills Laboratory facilities.
Study design
The study was designed as a small sample randomized trial whose main aim was to compare the efficacy, ease of use and safety of the new method (SEMR) versus conventional ESD. Before the procedure, randomization was handled using a sealed envelope identifying which technique would be carried out in each location (middle/lower esophagus, gastric body/antrum). Two endoscopists (CJG, KT) carried out both SEMR and ESD. At the end of each series, the same number of methods had been done by both endoscopists in both locations, in order to eliminate both operator and anatomical biases. Both endoscopists were familiar with SEMR, and one endoscopist (KT) had expert-level experience, carrying out ESD routinely in daily clinical practice.
Animal preparation
Eight domestic cross-breed pigs with pre-procedure weights of 36.5-55.3 kg (mean weight 43.7 kg) were approved for use. The animals were fasted for 2 days before the procedure. All animals underwent general anesthesia with endotracheal intubation using i.m. injection of telazol, xylazine, and inhalation isoflurane.
Endoscopic resections
Each animal underwent both SEMR and ESD in the middle or lower esophagus, and in the antrum or gastric body in the stomach. A total of 32 resections (eight SEMR and eight ESD in the esophagus, and eight SEMR and eight ESD in the stomach) were carried out in eight pigs. A therapeutic endoscope (Olympus XGIF-1TQ140; Olympus America, Center Valley, PA, USA) was used. The hypothesized lesion in the esophagus would be approximately 3 cm in length and one-third of the circumference. That of the stomach would be 4 cm in diameter. The target 'lesion' diameter was measured with the help of an adult biopsy forceps the jaws of which were opened and moved along a straight line in both horizontal and vertical axes. After marking four quadrants, a circular marking was done around these four points by coagulation dots. This method allowed a fairly reproducible 'lesion' size. Submucosal fluid cushions (SFC) were created using 0.83% hydroxypropyl methylcellulose mixed with Mesna (sodium 2-sulfanylethanesulfonate), followed by a circumferential mucosal incision using an IT knife 2 (Olympus America).
Submucosal endoscopy with mucosal resection
SEMR was carried out precisely as we previously described. 9 After isolation of the targeted mucosa, balloon dissection was started. Blunt-tipped ERCP stone extraction balloons (8-11.5 mm, Model No. B7-2LA; Olympus America) were used. The balloon was inserted deep into the SFC parallel to the muscle layer and pulled back toward the endoscope tip repeatedly, altering direction, to disrupt the submucosa and expose the muscularis. Residual strands of submucosa were cut using IT knife 2.
Endoscopic submucosal dissection
ESD technique was conventional, following circumferential dissection, and the submucosa was dissected with IT knife-2. An additional injection was made as required until submucosal dissection was complete. In both SEMR and ESD, if the procedure time was longer than 60 min, we considered using snaring.
After endoscopic resection
After all resected specimens were collected with a grasping forceps. After completion of each ESD, the resected specimen was fixed on corkboard and specimen size was measured precisely (Fig. 1 ). All excision sites were then inspected for blunt or thermal injury to the muscularis propria (MP). After the dissections were completed, the animals were killed with a fatal i.v. overdose of pentobarbital. A gastrectomy and esophagectomy were done, and the stomach and esophagus were opened to check for any accidental perforation unrecognized during procedures. All procedures were video recorded.
After macroscopic examination, resected specimens and resected cites of esophagus and stomach were fixed at least for 24 h in 10% buffered formalin, embedded in paraffin, and processed into 5 lm-thick sections. For histological examination, specimens were stained with hematoxylin and eosin (HE) and examined by a veterinary pathologist.
Outcome measurements
Outcome measurements were: (i) success rate of en bloc resection; (ii) procedure time (total procedure time, submucosal dissection time); (iii) volume of injection; (iv) size of resected specimen; (v) rate of complications; (vi) dissection difficulty score (DDS); (vii) thickness of submucosal layer of resected specimens; and (viii) MP layer injury. Total procedure time was measured from submucosal injection to completion of resection, and submucosal dissection time was measured from the beginning of submucosal dissection to completion of resection. DDS were used for rating the difficulty of submucosal dissections using a visual analogue scale ranging from 0 (easy complete dissection) to 5 (failed dissection; complication).
Statistical analysis
Sample size calculation was based on the primary endpoint of this study, the total procedure time. According to the previous report of 1111 lesions for colorectal ESD in a multicenter retrospective study, mean and standard deviation (SD) of total procedure time of ESD were 116 and 88 minutes, respectively. 12 We considered that we expected total procedure time to reduce by 25 min using the SEMR method. 11 With SD of 88 min and two-sided significance level of 5% and a power of 80%, 15 subjects were required in each group, allocating 1:1. We included 16 lesions per group to allow for possible dropouts.
Data were expressed as means (SD) and median. For differences of the procedure time and DDS during the study period, ANOVA analysis was used. P < 0.05 was considered statistically significant. JMP software (version 9.0.2; SAS Inc., Cary, North Carolina USA) was used for statistical analyses.
RESULTS
SEMR vs ESD in the esophagus S IXTEEN RESECTIONS (8 SEMR/8 ESD) were carried out with no major adverse events (Table 1) . Median Digestive
resected size in SEMR and ESD was 26 and 25.5 mm, respectively. Median injection volume was 14 and 14 mL, respectively. Median total procedure time was 19.5 and 19.5 min, and median submucosal dissection time was 11 and 8.5 min, respectively. Median DDS was 0.5 and 1, respectively. There was no statistical difference between the two techniques in either location in the above categories measured. Success rate of en bloc resection was 100% (8/8) in SEMR and 75% (6/8) in ESD. There were two incomplete resections, one was because of snare piecemeal resection and the other was because of mucosal incision inside the coagulation mark.
SEMR vs ESD in the stomach
Sixteen resections (8 SEMR/8 ESD) were carried out with no major adverse events (Table 2) . Median resected size in SEMR and ESD was 52 and 43 mm, respectively. Median injection volume was 16.5 and 25 cc, respectively. Median total procedure time was 47.5 and 26 min, and median submucosal dissection time was 24 and 15.5 min, respectively. Median DDS was 1.5 and 1, respectively. There was no statistical difference between the two techniques in either location in the above categories measured. Success rate of en bloc resection was 88% (7/8) in SEMR and 100% (8/8) in ESD. There was one incomplete resection as a result of snare completion resection.
Pathological evaluations
Histopathological analysis of resected gastric and esophageal tissue, gastric wall, and esophageal wall resection sites demonstrated similar findings between SEMR and ESD. The majority of the submucosa had been resected (approximately 500 lm in thickness) along with the mucosa and muscularis mucosae. There were no deep layer findings to suggest acute injury in either group.
DISCUSSION
F OR ENDOSCOPIC RESECTION of early gastrointestinal (GI) cancers, en bloc resection is very important because of precise histopathology. ESD has become a standard treatment in East Asian countries, especially in Japan, with a high incidence of early gastric cancer. In the USA and European countries, ESD has not prevailed because of training problems, reimbursement, and a predominantly colorectal target patient population. One of the most important reasons for the difficulty of learning the ESD technique is the movement of electrosurgical knives horizontally within the submucosa. Submucosal dissection using an ERCP stone retrieval balloon, with which endoscopists in Western countries are familiar, is conceptually easier than using electrosurgical knives. Targeting a simplification of ESD, we introduced the concept of blunt balloon dissection in lieu of riskier electrosurgical knife dissection. We have already reported successful application of SEMR in the porcine colon. 11 As a logical progression of this approach to en bloc resection, we have transferred this balloon dissection technique within the porcine esophagus and stomach comparing it with traditional ESD.
The results of the present study indicate that SEMR, a new technique of endoscopic submucosal balloon dissection, is as feasible and safe as traditional ESD in the porcine esophagus and stomach. There were no differences between SEMR and ESD in the rate of en bloc resection, procedure time, volume of injection, rate of complications, and DDS. Especially for SEMR in the esophagus, times of both submucosal dissection and total procedure were shorter, injection volume was lower, DDS was lower, and en bloc resection rate was higher than ESD, but without statistical significance. We determined the sample size by using procedure time in the colon, because data of the esophagus and stomach were not available prior to this study. According to previous studies in the colon, we expected total procedure time to reduce by 25 min (20%) using the SEMR method. SEMR resulted in a very short procedure time (20 min) as we anticipated; however, the procedure time of ESD (23 min) was shorter than our expectation, which resulted in no statistical differences. That was the main reason for no statistical differences. The trend is nevertheless encouraging. The esophagus and the colon are good locations for SEMR, as the lumen is relatively tubular and it is easy to approach the submucosal layer parallel to the muscle layer, an important dynamic to avoid perforation.
In contrast, SEMR in the stomach appeared more technically challenging. In some locations of the stomach, the endoscope is confronted with the lesion perpendicularly. Under this situation, it is difficult to insert the balloon catheter into the submucosal layer parallel to the muscle layer. Another reason may be because of the different characteristics of the submucosal layer, specifically the presence of fibrosis.
Recently, peroral endoscopic myotomy (POEM) for esophageal achalasia has become widespread worldwide. 13 Endoscopic submucosal tunnel dissection (ESTD) for large esophageal neoplastic lesions has also been reported as a case series.
14 POEM and ESTD intrinsically rely on the SEMF technique; however, the submucosal tunnel is more often created by the traditional ESD technique with electrosurgical knives requiring a highly skilled endoscopist who has previous animal training and who regularly carries out ESD. In contrast, our balloon dissection is technically easy to carry out, even for ESD novices. In all of these techniques, it seems to be a consensus that the esophagus is an ideal organ in which to create a submucosal tunnel.
Recently, other easier mucosal resection methods such as hybrid ESD or precutting EMR were reported. 15, 16 We conducted and carried out present study in 2012 which preceded these reports. However, these techniques are appealing in lieu of ESD in some situations. In general, A major limitation of hybrid-ESD and pre-cutting EMR is the size of the resected specimen limited by the size of the snare. In addition, even though the size of the lesion was smaller than that of snare, it was often difficult to resect in one piece, or sometimes remove without center of the lesion. In contrast, SEMR could resect the lesion by submucosal balloon dissection similar to ESD regardless of the size of the lesion.
Limitations of the present study are that all procedures were carried out by two endoscopists only, one with experience in SEMF and the other a high-volume expert in ESD. Other limitations are small sample size and the animal model. In general, intraoperative bleeding is lower in the porcine model than in human cases. Therefore, we could not investigate intraoperative bleeding. However, in this method, after submucosal dissection using balloon dilatation, submucosal strands remained. Most contained vessels, and were cut using IT knife with electrocautery. This observational experience may be useful to prevent intraoperative bleeding which can be controlled using standard coagulation using an IT knife or hemostat forceps. Despite these limitations we believe our goal for SEMR in the esophagus and stomach can be achieved.
In conclusion, this animal study demonstrates that the hybrid technique, SEMR, using balloon dissection of the submucosa in lieu of electrosurgical knife dissection, can allow en bloc resections as safe and expedient as traditional ESD in the esophagus and stomach. Our endoscopic submucosal balloon dissection method may offer a more appealing technical option for endoscopists who are unable to sustain a traditional ESD practice volume.
